Abstract: As shown in former papers, the nonadiabatic Heisenberg model presents a novel 1 mechanism of Cooper pair formation generated by the strongly correlated atomic-like motion of 2 the electrons in narrow, roughly half-filled "superconducting bands". These are energy bands superconductor, whether conventional or unconventional. Here we report evidence that also the 10 experimentally found superconducting state in bismuth at ambient as well as at high pressure is 11 connected with a narrow, roughly half-filled superconducting band in the respective band structure.
Introduction

17
Bismuth shows sequential structure transition as function of the applied pressure, as summarized in an illustrative form by O. Degtyareva et al. 
It is clear that this band (or any other band in the band structure) does not contain a closed band
59
(Definition 2 of Ref.
[5]) with the symmetry of band 1 or band 2 in According to Table A3 , we may unitarily transform the Bloch functions (2) into Bloch functions labeled by the double-valued representations,
The underlined representations belong to the band listed in Table A5 . Thus, we can unitarily transform 64 the Bloch functions of this band into spin-dependent Wannier functions being best localized, centered at the Bi atoms, and symmetry-adapted to the group R3m. Consequently, according to Definition 22 of
66
Ref.
[5], the band highlighted in red is a superconducting band.
-4 [11], and the symmetry labels are defined in Table A1 . E F denotes the Fermi level. The band highlighted in red is the superconducting band.
Band structure of Bi-V
68
The band structure of Bi-V is depicted in Fig. 2 . The Bloch functions of the band highlighted in red now are labeled by the single-valued representations
Again, this band (or any other band in the band structure) does not contain a closed band (Definition 2 of Ref.
[5]) with the symmetry of the bands listed in Table A8 . Hence, we cannot unitarily transform the Bloch functions into best localized and symmetry-adapted Wannier functions situated at the Bi atoms. According to Table A7 , we may unitarily transform the Bloch functions (4) into Bloch functions labeled by the double-valued representations,
The underlined representations belong to band 4 listed in Table A9 . Thus, we can unitarily transform • is one of the narrowest bands in the band structure;
75
• is nearly half filled;
76
• and comprises a great part of the electrons at the Fermi level.
77
Consequently, the NHM predicts that both phases become superconducting below a transition 78 temperature T c .
79
The superconducting band of Bi-I ( Fig. 1) even comprises all the electrons at the Fermi level.
80
However, the small Fermi surface and the small density of states at the Fermi level results in the 81 extremely low superconducting transition temperature of T c = 0.53mK [3] .
82
The superconducting band of Bi-V ( 
Results
95
In terms of superconducting bands, the NHM confirms the experimental observations that
96
• the Bi-I phase (i.e., bismuth at ambient pressure) becomes superconducting below an extremely 97 low transition temperature and
98
• the Bi-V phase (i.e., bismuth at high pressure) becomes superconducting below a transition 99 temperature comparable with the transition temperature of niobium. 
109
• The atomic-like motion is determined by the conservation of the total crystal-spin angular 110 momentum which must be satisfied in the nonadiabatic system. In a narrow, roughly half-filled 111 superconducting band this conservation law plays a crucial role because the localized (Wannier) 112 states are spin-dependent.
113
• The strongly correlated atomic-like motion in a narrow, roughly half-filled superconducting 114 band produces an interaction between the electron spins and "crystal-spin-1 bosons": at any 115 electronic scattering process two crystal-spin-1 bosons are excited or absorbed in order that the 116 total crystal-spin angular momentum stays conserved.
117
• Crystal-spin-1 bosons are the energetically lowest localized boson excitations of the crystal that 
124
• This influence of the crystal-spin angular momentum may be described in terms of constraining 125 forces that constrain the electrons to form Cooper pairs. This feature distinguishes the present 126 concept from the standard theory of superconductivity.
127
• As already mentioned in Sec. 1, there is evidence that only these constraining forces may produce 128 superconducting eigenstates.
129
• Hence, the constraining forces are responsible for all types of superconductivity, i.e., conventional, 
Abbreviations
151
The following abbreviation is used in this manuscript: system. In this case, the unit cell contains two additional inner points which, however, are connected to Γ(000), Z(
Notes to Table A1 1. i = 1, 2, 3. 2. The symmetry elements are labeled in the Schönflies notation as illustrated, e.g., in 
-1 0 i = 1, 2, 3. Table A3 . Compatibility relations between the single-valued (upper row) and double-valued (lower row) representations of the space group R3m.
Γ(000), Z(
Notes to Table A3 1. The letter R stands for the letter denoting the relevant point of symmetry. For example, at point F the representations R (3) given, e.g., in Table 6 .1 of Ref.
[11]. 3. The single-valued representations are defined in Table A1 . 4. The notations of double-valued representations follow strictly Table 6 .13 (and Table 6 .14) of Ref. [11] . In this paper the double-valued representations are not explicitly given but are sufficiently defined by this table. Table A4 . Single-valued representations of all the energy bands in the space group R3m of Bi-I with symmetry-adapted and optimally localized usual (i.e., spin-independent) Wannier functions centered at the Bi atoms.
Notes to Table A4 1. z = 0.23 . . . [1] ; the exact value of z is meaningless in this table. In the hexagonal unit cell, the Bi atoms lie at the Wyckoff positions 6c(00 ± z) [1]. In the trigonal system, their positions in the unit cell are ρ = ±(zT 1 + zT 2 + zT 3 ), where the vectors T 1 , T 2 , and T 3 denote the basic vectors of the trigonal lattice as given, e.g., in Table 3 .1 of Ref.
[11]. 2. The notations of the representations are defined in Table A1 . The entry "OK" below the time-inversion operator K indicates that the Wannier functions may even be chosen symmetry-adapted to the magnetic group Table A2 . 6. Each row defines one band consisting of two branches, because there are two Bi atoms in the unit cell. Table A5 . Double-valued representations of the superconducting band in the space group R3m of Bi-I.
Notes to Table A5 1. z = 0.23 . . . [1] ; the exact value of z is meaningless in this table. In the hexagonal unit cell, the Bi atoms lie at the Wyckoff positions 6c(00 ± z) [1]. In the trigonal system, their positions in the unit cell are ρ = ±(zT 1 + zT 2 + zT 3 ), where the vectors T 1 , T 2 , and T 3 denote the basic vectors of the trigonal lattice as given, e.g., in Table 3 .1 of Ref.
[11]. 2. Assume an isolated band of the symmetry listed in this table to exist in the band structure of Bi-I.
Then the Bloch functions of this band can be unitarily transformed into spin dependent Wannier functions that are
• localized as well as possible;
• centered at the Bi atoms; and • symmetry-adapted to the space group R3m (166) [5].
The entry "OK" below the time-inversion operator K indicates that the spin-dependent Wannier functions may even be chosen symmetry-adapted to the magnetic group Table A4 by means of Equation (97) Table A4 are affiliated bands of the superconducting band.) 6. The superconducting band consists of two branches, because there are two Bi atoms in the unit cell. 7. The point group of the positions of the Bi atoms (Definitions 11 and 12 of Ref. [5] ) is the group C 3v . The Wannier functions at the Bi atoms belong to the double-valued representation
of C 3v where d 1 and d 2 are defined in Table A2 and d 1/2 denotes the two-dimensional double-valued representation of O(3) as given, e.g., in 2 )
C 2p σ dp Γ
σ dp C ± 3j
Notes to Table A6 Table A7 . Compatibility relations between the single-valued (upper row) and double-valued (lower row) representations of the space group Im3m.
P 4 P 5 P 6 P 7 P 8 P 6 + P 8 P 7 + P 8 N(00
Notes to Table A7 1. In the table for Γ and H, the letter R stands for the letter denoting the point of symmetry. For example, at point H the representations R (3) given, e.g., in Table 6 .1 of Ref.
[11]. 3. The single-valued representations are defined in Table A6 . 4. The notations of double-valued representations follow strictly Table 6 .13 (and Table 6 .14) of Ref. [11] . In this paper the double-valued representations are not explicitly given but are sufficiently defined by this table. Notes to Table A8 1. The notations of the representations are defined in Table A6 . Table A6 . 
